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(54) Back-to-back data transfers in a multiplexed bus system. 



(57) A device for generating back-to-back data 
transfers on a bus in an information handling 
system 10 is disclosed. The inventive device 
includes a detector 100 for determining whether 
a first address value and a second address are 
within a range, a first register 104 connected to 
the detector for storing the first address until 
the device generates the second address, a 
second register 110 connected to the detector 
for storing the range value, and a transfer state 
block 108 for driving the second address on the 
peripheral bus without a turnaround cycle if the 
detector determines that the first and second 
addresses are within the range. Thus, back- 
to- back data transfers are provided. 
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Field of the Invention 

The present invention relates generally to infor- 
mation handling systems and more specifically to a 
method and apparatus for providing back-to-back 
data transfers on a bus that has data multiplexed on 
it in an information handling system. 

Background Art 

Referring generally to information handling sys- 
tems, they normally have as their main component a 
central processing unit (CPU), which directs all com- 
munications in the system and orchestrates all com- 
mands to be executed by the information handling 
system. Information handling systems also usually 
have a network, or networks, of physical connection 
devices called buses. These networks connect the 
CPU to any number of peripheral devices so that the 
CPU can communicate with the peripheral devices. 

One type of bus that may be used in information 
handling systems is a multiplexed bus. Multiplexed 
buses have different signals, each containing differ- 
ent information, operating on the same communica- 
tion line. For instance, a multiplexed bus may have in- 
formation indicating a particular register address, and 
data information to be read from or written to that reg- 
ister address, multiplexed on the same communica- 
tion line. In contrast, a non-multiplexed or parallel bus 
would have two separate communication lines, one 
for the address information and one for data. 

A multiplexed bus has an advantage over a par- 
allel bus in that a multiplexed bus requires far less 
space in the information handling system than a par- 
allel bus. Since each of its communication lines can 
carry more than one signal, a multiplexed bus re- 
quires approximately one half the amount of commu- 
nication lines required by a parallel bus. Furthermore, 
the peripheral devices that are compatible with a mul- 
tiplexed bus only require approximately one half the 
connection points to the bus, or pins, that are required 
by peripheral devices that are compatible with parallel 
buses. Thus, the overall size of a multiplexed bus is 
smaller than a parallel bus, and peripheral devices 
used with a multiplex bus are smaller than the devices 
used with a parallel bus as well. Accordingly, these 
smaller hardware devices require less space in the 
overall information handling system than a system us- 
ing parallel buses. Because space is always at a pre- 
mium in such systems, the multiplexed bus provides 
an advantage over the parallel bus. 

The use of multiplexed buses in an information 
handling system, however, creates another problem 
contention for the use of the bus by the components 
of the system. The components of an information han- 
dling system are the CPU, the peripheral devices and 
any other hardware device that can transmit informa- 
tion on or receive information from the buses in the 



system. Only one component in the system can trans- 
mit information on any one communication tine of a 
particular bus at any one time. In fact, if one compo- 
nent attempts to transmit information on a communi- 

5 cation line while it is being used by another compo- 
nent, electrical damage to the information handling 
system will occur. Accordingly, because there are 
fewer lines on a multiplexed bus, and each of these 
lines is carrying more than one signal, the compo- 

w nents of the information handling system are con- 
stantly contending with one and other to gain control 
of the communication lines of the bus. This contention 
creates a que of components waiting to use various 
communication lines, which, in turn, decreases the 

15 speed at which data is transferred in the information 
handling system. 

Furthermore, when one component stops trans- 
mitting information on a communication line, before 
that communication line can be used by another com- 

20 ponent, the communication line must go through a 
down period called a turnaround cycle. During a turn- 
around cycle, the communication line pauses and re- 
fuses to accept any new information from any com- 
ponent. The bus is essentially non-operational during 

25 a turnaround cycle. Turnaround cycles are required 
on multiplexed buses to ensure that two devices do 
not transmit information on the bus at once causing 
electrical damage as described above. Turnaround 
cycles further decrease the speed of multiplexed bus- 

30 es. 

Decreased speed is a disadvantage of multi- 
plexed buses. Accordingly, it is desirable to imple- 
ment various techniques to increase the speed of data 
transfers on multiplexed buses. 

35 One technique that can be used to increase the 

speed of multiplexed buses is to eliminate the turn- 
around cycles for certain data transfers so that the 
data transfers can be performed "back-to- back". Ac- 
cordingly, a method and apparatus is needed that 

40 eliminates certain turnaround cycles, and thus, pro- 
vides back- to- back data transfers. 

Disclosure of the Invention 

45 Thus, the present invention provides a device for 

generating back-to-back data transfers on a bus in an 
information handling system. The inventive device in- 
cludes a detector for determining whether a first ad- 
dress value and a second address are within a range, 

so a first register connected to the detector for storing 
the first address until the device generates the sec- 
ond address, a second register connected to the de- 
tector for storing the range value, and a transfer state 
logic for driving the second address on the peripheral 

55 bus without a turnaround cycle if the detector deter- 
mines that the first and second addresses are within 
the range. Thus, back- to- back data transfers are exe- 
cuted. 
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Brief Description of the Drawings 

The invention will now be described, by way of ex- 
ample only, with reference to the accompanying 
drawings, in which: 5 

Figure 1 is a schematic drawing of an information 

handling system with multiple buses; 

Figure 2 is a timing diagram of consecutive write 

cycles with a turnaround cycle between them; 

Figure 3 is a timing diagram of consecutive write w 

cycles that are back-to-back; 

Figure 4 is a timing diagram of two read cycles 

with turnaround cycles; 

Figure 5 is a block diagram of the hardware within 

a master device required to generate back-to- 15 

back data transfers; and 

Figure 6 is a logic diagram of a range detector 
within the hardware shown in figure 5. 



Detailed Description of the Invention 



20 



Referring now to Figure 1, a dual bus information 
handling system 1 0 is shown generally at 1 0, compris- 
ing, (i) a processor, cache and memory complex 12 
connected to S-bus (system bus) devices 14 via an S- 25 
bus 16 and (ii) primary Peripheral Component Inter- 
connect (PCI) devices 1 8 attached to one of the S-bus 
devices, a primary PCI host bridge 20, via a primary 
PCI bus 22. More detailed descriptions of the proces- 
sor, cache and memory complex 12, the S-bus devic- 30 
es 14, the primary PCI devices 18, and the other ele- 
ments-shown in Figure 1 will be provided hereinafter. 

The processor, cache and memory complex 12 
comprises a central processing unit (CPU) 24, a self- 
test circuit 26, a memory controller 28, a CPU cache 35 
30, and base system memory 32. The CPU 24 in the 
preferred embodiment is a 32-bit microprocessor 
available from Intel, Inc. under the trade designation 
i486™, although it is contemplated that the system 10 
may be implemented using other types of CPUs, es- 40 
pecially x86-type microprocessors. The self-test cir- 
cuit 26 provides a built-in-self-test (BIST) feature for 
the CPU 24 upon power-up. The self-test circuit also 
controls any self- test features which may be provided 
within each of the S-bus devices 14. 45 

The CPU 24 is connected to the self-test circuit 26 
and the memory controller 28 by a CPU local bus 34. 
The memory controller 28 is connected to the base 
system memory 32 by means of a base system mem- 
ory bus 36. The memory controller 28 controls read so 
and write operations to base system memory 32 over 
the base system memory bus 36, which operations 
are initiated by either the CPU 24 over the CPU local 
bus 34, or by a S-bus device 14 over the S-bus 16. 
Because the memory controller has the capability to 55 
manage operations on two buses, operations over 
the base system memory bus 36 and the CPU local 
bus 34 may be managed simultaneously. The CPU lo- 



cal bus 34, the base system memory bus 36, and the 
S-bus are 32-bit buses, each of which buses compris- 
es data, address and control information paths as is 
typical of such buses. 

Base system memory 32 provides system-wide 
storage capability and may comprise either non-inter- 
leaved or interleaved memory cards. The CPU cache 
30 permits short term storage of information con- 
tained within either base system memory 32 or ex- 
pansion memory located elsewhere within the system 
10. Such expansion memory could, for example, be 
located on the peripherally attached I/O devices with- 
in the system. The CPU cache 30 incorporates ran- 
dom access memory (RAM) which is used to tempor- 
arily store address locations of the base system mem- 
ory 32 which are frequently accessed by the CPU 24. 
The CPU 24 accesses information stored in the CPU 
cache 30 directly, whereas access to information 
stored in the base system memory 32 must be han- 
dled by the memory controller 28. 

All access to base system memory 32 is control- 
led by the memory controller 28 via base system 
memory bus 36. The memory controller initiates sys- 
tem memory cycles to the base system memory 32, 
during which cycles either the CPU 24 or one of the 
S-bus devices 14 has access to the base system 
memory via the memory controller 28. During a mem- 
ory cycle, the memory controller does not pass infor- 
mation onto the S-bus. However, if the memory con- 
troller determines that the operation it is managing is 
an I/O cycle, the memory controller propagates the in- 
formation onto the S-bus for access thereto by an S- 
bus device. If the I/O cycle is destined for a S-bus de- 
vice, the appropriate S-bus device responds with a 
decode command to the memory controller. If the I/O 
operation is destined for a primary PCI device 18, the 
PCI host bridge 20 responds with a decode command 
to the memory controller and passes the I/O cycle to 
the appropriate primary PCI device. 

A system clock module 38 provides a single clock 
signal for the S-bus devices 1 4, and a pair of clock sig- 
nals for the CPU 24. In the preferred embodiment, the 
clock signal provided to the S-bus operates at 33 
MHz. The two signals provided to the CPU 24 operate 
at 33 MHz and 66 MHz, respectively. The CPU 24 re- 
quires two clock signals because it operates internal- 
ly at 66 MHz, but communicates over the CPU local 
bus 34 at 33 MHz. 

Communications between the processor, cache 
and memory complex 12 and the S-bus devices are 
managed by the memory controller 28 over the 32-bit 
S-bus 1 6. Also attached to the S-bus, as shown in the 
preferred embodiment of Figure 1, are a direct mem- 
ory access (DMA) controller 40, a system arbitration 
control point (SACP) 42, an input/output (I/O) control- 
ler 44, a PCMCIA controller 46, and a power manage- 
ment controller 48. An optional power management 
controller 50 may be attached to the power manage- 
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ment controller 49 in case more sophisticated power 
management control is desired. A buffer 52 is provid- 
ed on the S-bus 16 intermediate the DMA controller 
40 and the I/O controller 44. As shown in Figure 1, 
however, it is contemplated that other S-bus devices 
14, beyond those shown, may be attached to the S- 
bus 16. 

The PCMCIA controller 46 is attached directly to 
PCMCIA card slots 54. Peripheral I/O devices 56 may 
be connected to the PCMCIA card slots 54 by means 
of buffers 58. The peripheral I/O devices 56 are con- 
trolled by the I/O controller 44. Attached to the I/O 
controller are a time-of-day clock 60 and a RAM mod- 
ule 62. The I/O controller 44 supports a variety of 
ports, including a mouse port 64, serial ports 66, a 
parallel port 68, and a keyboard port 70. 

In addition to supporting S-bus devices 14 on the 
S-bus 16, the system 10 also supports a second high 
speed, high bandwidth bus, which in the preferred 
embodiment is the primary PCI bus 22. The PCI bus 
22 is comprised of a new bus architecture called PCI. 
The primary PCI bus 22 is a high performance bus, 
meaning that it performs significant data transfer in 
a relatively short period of time, up to 120 megabytes 
of data per second. The PCI bus achieves this high 
level of performance, in part, because it may be di- 
rectly linked to other high speed buses such as the S- 
bus 14, and thus may provide for a fast transfer of 
data between the CPU 24 or other S-bus devices 14 
and the primary PCI devices 18. In fact, the operation 
of several high integration devices, such as certain 
graphics packages, require a direct link to a system 
bus such as the S-bus through a high performance 
bus like the PCI bus 22. 

In addition, the PCI bus architecture does not re- 
quire any "glue logic" to operate peripheral devices 
connected to it. Glue logic for other buses typically 
consists of miscellaneous hardware components 
such as a decoders, buffers or latches that are instal- 
led intermediate the peripheral devices and the bus. 

The primary PCI bus 22 operates on a synchron- 
ous clock signal of 33 MHz, and the strings of data 
transmitted over the PCI bus are 32 bits long. A 32- 
bit data string on the PCI bus is called a double word 
(DWORD), which is divided into 4 bytes each com- 
prised of 8 bits of data. 

The address and data information carried by the 
PCI bus are multiplexed onto one signal. Multiplexing 
eliminates the need for separate address and data 
lines, which in turn, reduces the amount of signals re- 
quired in a PCI bus environment as opposed to other 
bus architectures. The number of signals required in 
PCI bus architecture is between 45-47 while standard 
non-multiplexed buses typically require twice this 
number. Accordingly, because the number of signals 
are reduced, the number of pins required to support 
a device linked to the PCI bus is also reduced a cor- 
responding amount. PCI architecture is thus particu- 



larly adapted for highly integrated desktop computer 
systems. 

A more detailed description of the structure and 
operation of PCI bus architecture is provided in "Per- 

5 ipheral Component Interconnect (PCI) Revision 1.0 
Specification", published June 22, 1992; "Prelimin- 
ary PCI System Design Guide", revision 0.6, publish- 
ed November 1 , 1992, and "Peripheral Component In- 
terconnect (PCI) Add-in Board/Connector Adden- 

10 dum", (Draft) published 6 November, 1992; all by the 
PCI Special Interest Group. 

Primary PCI devices 18 in the system 10 commu- 
nicate with each other over the primary PCI bus 22. 
Primary PCI devices communicate with the CPU, 

15 cache and memory complex 12 and with other S-bus 
devices 14 residing on the S-bus 1 6 by means of the 
PCI host bridge 20, which is itself an S-bus device re- 
siding on the S-bus. The PCI host bridge 20, then, 
serves as an interface between the S-bus 16 and the 

20 primary PCI bus 22 and provides an effective means 
of communication between these two buses, and any 
peripheral devices which may reside on these buses. 

The PCI host bridge 20 is a low latency intercon- 
nect mechanism through which the CPU 24 or other 

25 S-bus device 14 may directly access the primary PCI 
devices 1 8 or devices attached thereto. The bridge 20 
also provides a high performance path which allows 
the primary PCI devices or devices attached thereto 
quick and direct access to base system memory 32. 

30 In addition, the host bridge 20 provides all of the hard- 
ware required to provide an interface between the S- 
bus 16 and the primary PCI bus 22 so that data may 
be transferred between these buses. 

The primary PCI bus 22 is capable of supporting 

35 a variety of devices which are PCI compatible. As 
shown in Figure 1, these devices may include a 
graphics controller 72, a serial SCSI (small computer 
systems interface) controller 74, a future PCMCIA 
controller 76, a standard bus (e.g., ISA or MICRO 

40 CHANNEL ("MC-A")) bridge 78, and a PCI second- 
ary bridge 80. The devices shown in Figure 1 attach- 
ed to the primary PCI bus, however, are only one ex- 
ample of a system implementing a PCI bus architec- 
ture and thus the disclosed configuration and is not 

45 intended to limit the invention in any way. 

The graphics controller 72 is typically provided 
with memory capability in the form of VRAM 82, 
which enables the graphics controller to buffer video 
frames therein, and may control any known graphics 

50 package which may be supported by PCI bus archi- 
tecture. The SCSI controller 74 serves as an inter- 
face between SCSI devices 84 attached to a SCSI 
bus 86 and the primary PCI bus 22, and may control 
any SCSI device which may be supported by PCI bus 

55 architecture. The future PCMCIA controller 76 is at- 
tached to and controls card slots 88. 

The standard bus bridge 78 serves as an inter- 
face between I/O devices 90 attached to a standard 
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(e.g., MC-Aor ISA) bus 92 and the primary PCI bus 
22. 

Secondary PCI devices 94 are connected to PCI 
bridge 80 via secondary PCI bus 96. Any number of 
unidentified secondary PCI devices 94 may be con- 5 
nected to the secondary PCI bus 96. The PCI bridge 
80 serves as an interface between any number of PCI 
devices 94 attached to the secondary PCI bus 96 and 
the primary PCI bus 22. 

Any number of peripheral devices compatible 10 
with the PCI bus architecture may be arranged on the 
primary PCI bus 22 with no other PCI buses present 
in the entire computer system 10; or any number of 
PCI peripheral devices could be attached to the pri- 
mary PCI bus 22 with any number of secondary PCI 15 
buses, in addition to PCI bus 96, attached through the 
same number of separate, respective PCI bridges 80 
to the primary PCI bus 22. Each secondary PCI bus 
could also have any number of additional PCI buses 
attached through PCI bridges to it and these "tertiary" 20 
PCI buses could have further PCI buses attached to 
them in various combinations. Similarly each PCI bus 
could have any number of PCI devices attached to it. 
Each connection between two PCI buses must be 
through a PCI bridge identical to bridge 80. 25 

Furthermore, it is possible that a plurality of 
bridges identical to PCI host bridge 20 could be driven 
by the S-bus 16. Each of these host bridges could 
then have any number of PCI buses, bridges and de- 
vices connected to them in any arrangement that the 30 
designer of system 10 wishes. Thus, the portion of 
system 10 that is comprised of PCI bus architecture 
may be comprised of multiple buses and PCI periph- 
eral devices arranged in various peer and hierarchical 
combinations (referred to hereinafter generally as a 35 
PC! network). 

Referring now to Figure 2, a timing diagram of va- 
rious PCI bus signals during two consecutive write cy- 
cles to a peripheral device attached to primary PCI 
bus 22 is shown. This peripheral device could be 40 
graphics controller 72, standard bus bridge 78 or any 
other peripheral device that can be driven from a PCI 
bus. Similarly, the write cycles shown in Figure 2 are 
typical PCI bus write cycles and are not unique to pri- 
mary PCI bus 22. They could be write cycles on sec- 45 
ondary PCI bus 96 or any other PCI bus in the PCI 
network. 

The clock signal (CLOCK) provides the timing for 
all communications on the PCI network. CLOCK is an 
input to every PCI device and all PCI bridges. CLOCK so 
is synchronous, meaning that all communication sig- 
nals in PCI architecture have a duration of at least one 
clock signal and any commands or data transfers are 
executed over the period of at least one clock signal. 
The signals in figure 2 are separated into individual 55 
"clocks" by the vertical dashed lines. Each dashed 
line represents the beginning of one clock duration 
and the end of the immediately preceding dock dur- 



ation. The signals on each line are sampled or have 
their effective meaning for a particular clock on the 
rising edge of that clock. 

The frame signal (FRAME) is used by any PCI 
bridge or peripheral device connected to the PCI bus 
to indicate that it is initiating a communication cycle, 
or an access, to another PCI bridge or peripheral de- 
vice connected to the bus. The peripheral device or 
PCI bridge initiating an access is called a master. The 
device, component or PCI bridge to which the access 
is directed is called a stave. In PCI bus architecture, 
many signals become enabled or are activated when 
they are driven to a low. FRAME is one of those sig- 
nals. Thus, when a master drives the FRAME low as 
shown in clock No. 2, a master is indicating to a slave 
that the master is initiating an access. 

The initiator ready signal (IRDY) is also activated 
when it is low and indicates when the master is ready 
for a data transfer to begin. Thus, the master drives 
IRDY low when it is ready to accept data during a read 
cycle or transfer data to the slave during a write cycle. 

The target ready signal (TRDY) is activated low 
and indicates when a slave is ready for a data transfer 
to begin. Thus, the slave drives TRDY low when it is 
ready to accept data from the master during a write 
cycle or to transfer data to the master during a read 
cycle. 

The address/data signal (AD) carries both the ad- 
dress of a register to which a data transfer is targeted 
and the data that is to be transferred multiplexed on 
one line. The address information is driven on AD by 
the master during an address phase when it asserts 
FRAME. Depending upon whether the access is a 
write cycle or a read cycle, the master or slave, re- 
spectively, will provide the data that is then driven on 
AD after the address phase. The address phase has 
the duration of one clock, and the data phase is at 
least one clock but can be more than one clock if the 
data transfer is a burst transfer. 

A burst transfer is a data transfer in which one ad- 
dress is provided during the address phase and sev- 
eral data phases occur thereafter. During the first 
data phase, the data is transferred into or out of the 
address provided in the address phases. During the 
succeeding data phases, the data transfers take 
place at the respective addresses that sequentially 
succeed the address provided in the address phase. 
The invention described herein is not applicable to 
burst transfers, but only single data transfers in which 
address phases and data phases have a one to one 
correspondence. 

The command/byte enable signal (C/BE) pro- 
vides PCI bus commands and a byte enable signal 
multiplexed on one line. A bus command is asserted 
by the master when it asserts FRAME and the ad- 
dress information on AD. The bus command can eith- 
er be a read or a write command depending upon 
which type of access the master is initiating. 
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The byte enable signal is present on C/BE during 
the data transfer on AD. The byte enable signal is 4 
bits in length, the four bits being identified as bit num- 
bers 0-3. When ail of these four bits are activated low, 
they indicate that all four bytes (all 32 bits) of data be- 
ing transferred on AD are enabled and should be writ- 
ten or read during the data transfer. When one of the 
four bits is a high (the binary value of 1), then one of 
the corresponding four bytes of data being transfer- 
red on the PCI bus is disabled and should be ignored 
in the data transfer. 

In figure 2, the turnaround cycles for the various 
signals are shown by the circular arrows. For exam- 
ple, during the first clock, a turnaround cycle is being 
executed on the FRAME signal meaning no masters 
are driving it. 

During the second clock, a master drives FRAME 
low which means the master is initiating an access to 
a slave. IRDY and TRDY are in a turnaround cycle 
during the second clock. 

At this time, the master provides the address of 
the register in the slave to which the access is target- 
ed on the AD line. Simultaneously, a write command 
is generated by the master on the C/BE line. 

Moving on to the third clock, FRAME is deassert- 
ed, which means the access is ready to be completed. 
The master now has gained control of the IRDY line 
and drives it low, indicating the master is ready to 
transfer data to the slave. The slave has also gained 
control of the TRDY line and activates it low, indicat- 
ing that it has decoded the address information as an 
address of a register within itself and is ready to ac- 
cept data in that register. Thus, on the third clock, data 
is transferred on the AD line from the master into the 
slave in its decoded register. The C/BE line asserts a 
signal at this time indicating whether the data is valid. 

In the fourth clock, since the data transfer is com- 
plete, IRDY and TRDY are deasserted. Also, FRAME 
goes through a turnaround cycle because it may be 
driven by another master during the next data trans- 
fer. During the fourth clock, the AD and C/BE line also 
go into a turnaround cycle because they could also be 
driven by another master during the next data trans- 
fer. 

During the fifth clock the timing diagram repeats 
itself since another write cycle has been initiated. This 
second write cycle could be initiated by the same 
master or a different one. Similarly, the target of the 
write cycle could be the same slave or an entirely dif- 
ferent one. To eliminate any risk of contention on the 
TRDY by two different slaves, TRDY goes through a 
turnaround cycle in clock No. 5. 

Accordingly, the least amount of time in which a 
write operation can be completed, before another 
data transfer can begin is three clock signals. This is 
because one clock signal must be included for the 
turnaround cycles on the various PCI signal lines. If 
these turnaround cycles could be eliminated, then the 



least amount of time in which a write cycle could be 
completed, before beginning another data transfer 
would be two clock signals. Accordingly, the number 
of clock signals required to complete a write cycle 
5 would reduce from 3 to 2, effectively increasing the 
speed of a write cycle by 33%. This speed increase 
is illustrated in figure 3. 

Referring now to figure 3. a timing diagram of va- 
rious PCI bus signals during two write cycles without 
w an intervening turnaround cycle, or "back-to-back" 
write cycles, is shown. The master asserts the 
FRAME in the second clock, initiating the first write 
cycle. The address information and write command 
are also asserted on the AD and C/BE lines, respec- 
ts tively, during the second clock. During the third clock, 
data is transferred to the particular register of the 
slave corresponding to the address information on 
the AD line because IRDY and TRDY are asserted. 
In the fourth clock, another write operation begins 
20 when the master asserts the FRAME signal low. Ac- 
cordingly, the write operation is repeated in clock 
Nos. 4 and 5 with the AD lines supplying a different 
address to be written into and presumably different 
data to be written. 
25 As figure 3 illustrates, when the turnaround cycle 

between the two write cycles is eliminated, the first 
write cycle is completed in 2 clock signals and the sec- 
ond write cycle can begin immediately thereafter. 
Thus, the speed advantage discussed above is real- 
30 ized. 

Back-to-back cycles can only be used when the 
same master is writing data to the same slave in both 
cycles. If both the master and slave are the same for 
both cycles, then the risk of contention to use the 

35 communication lines of the PCI bus is eliminated. 
Thus, the need for turnaround cycles is eliminated. 

Moreover, if the same master is writing data to the 
same slave in several consecutive write cycles, the 
need for turnaround cycles between each pair of write 

40 cycles is also eliminated. If these needless turn- 
around cycles could be eliminated, this whole string 
of write cycles could be arranged back-to-back fur- 
ther increasing the speed of data transfers. 

Thus, if a master could determine whether it is di- 

45 recting consecutive write cycles to the same slave, it 
could eliminate needless turnaround cycles to in- 
crease the speed of the PCI bus. Accordingly, the in- 
vention described herein provides a method and ap- 
paratus for detecting when consecutive write cycles 

50 are directed to the same slave and eliminating unnec- 
essary turnaround cycles. 

Read cycles, however, always require turn- 
around cycles between them and require at least 3 
clock signals to complete. This is because both the 

55 master and slave must use the AD line during a read 
cycle. 

Referring specifically now to figure 4, a timing di- 
agram of a read cycle and the start of another read cy- 
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cle is shown. During clock No. 2, the master asserts 
both the FRAME and IRDY tow. Address information 
is also supplied on AD by the master and a read com- 
mand is given on the C/BE line. 

In the third clock sequence, the AD line must go 
into a turnaround cycle because the slave has to take 
control of the AD line during the fourth clock signal to 
provide the data that the master has requested to 
read. This turnaround cycle is necessary to eliminate 
contention between the master and slave on the AD 
line. The FRAME and IRDY signals remain low during 
clock No. 3 because the data is not yet ready to be 
transferred from the slave to the master. 

During the fourth clock signal, the slave provides 
the data on the AD line and asserts TRDY. The byte 
enables are also asserted on the C/BE line. Since the 
IRDY signal is still low in the fourth clock, the data to 
be read is transferred from the slave to the master. 
FRAME is deasserted during clock No. 4 because the 
data transfer is completed. 

If the master is going to conduct a second read cy- 
cle after the first, the AD line must go through another 
turnaround cycle as shown in clock 5. This eliminates 
contention between the master and the slave as con- 
trot of the AD line is shifted back to the master from 
the slave. The master then can begin the second read 
cycle during clock No. 6 when it asserts FRAME to a 
low and asserts an address value on the AD tine. 

The turnaround cycles that are present between 
the address and data phases in read cycles and that 
are between two consecutive read cycles are neces- 
sary to eliminate contention for the AD line between 
the master and the slave. Thus, the present invention 
has no application to read cycles or consecutive read 
cycles. 

Referring now to figure 5, a block diagram of 
range detection hardware 100 in a PCI master 102 is 
shown. Range detection hardware 1 00 is optional and 
only is required in a PCI master device if designer of 
the system or PCI master wishes the particular PCI 
master device to perform back-to- back write cycles. 
Each PCI master which is to perform back-to-back 
write cycles, however, must have range detection 
hardware 100 within it. 

Range detection hardware 100 is comprised of a 
latch register 104, a range detector 106, a transfer 
state block 108 and a range register 110. An address 
generation block 112 of the PCI master 102 is also 
shown; however, the address generation block 112 is 
not part of the range detection hardware 100. 

The address generation block 112 of PCI master 
102 is connected through an output line 114 to latch 
register 104, range detector 106 and transfer state 
block 108. The latch register is connected by an out- 
put line 116 to range detector 106. 

Range detector 1 06 is connected to transfer state 
block 108 through output line 118. The output signal 
from range detector 106 on output line 118 is labeled 
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IN_RANGE. 

Transfer state block has an output line 120 con- 
nected to secondary PCI bus 96. Output line 120 is 
connected to the AD line of PCI bus 96. PCI bus 96 

5 is used by way of example, but any PCI bus could be 
substituted for it in the preferred embodiment. 

Address generation block 112 is the logic within 
the master 102 that generates the address informa- 
tion for a particular write cycle. This address informa- 

w tion indicates the location of a register within a slave 
device attached to PCI bus 96. The logic that compris- 
es address generation block 112 is unique to each 
PCI master and is beyond the scope of this invention. 
Furthermore, whether this logic is known depends 

15 upon whether a particular PCI master is known. 

The address signal generated by address gener- 
ation block 112 is 32 bits in length. Each binary com- 
bination of the low and high values of these bits indi- 
cates a different register address. With 32 bits, there 

20 are four gigabytes of different combinations of bit val- 
ues. Thus, there are four gigabytes of possible ad- 
dresses which can be assigned to the registers within 
the peripheral devices and PCI bridges connected to 
a single PCI bus. 

25 The bits of each address signal are numbered 

from 0 to 31. The address values are divided into 4- 
bit blocks each providing the value for a hexadecimal 
number. Thus, each address value is a combination 
of 8 hexadecimal numbers. 

30 The lowest ordered hexadecimal number of an 

address is contained in bit numbers 0 through 3; and 
the highest ordered hexadecimal number is con- 
tained in bit numbers 28 through 31. Thus, each bina- 
ry combination of bit numbers 0 through 3 indicates 

35 one address, and each binary combination of bit num- 
bers 28 through 31 indicates at least several million 
addresses. Accordingly, if the difference in the binary 
combinations of two address values occurs in bit 
numbers 0 through 3, then the two addresses are 

40 within a range of 16 addresses of each other. In con- 
trast, if the difference occurs in bit numbers 28 
through 31, then the range of address values be- 
tween the two addresses is more than a million. 
The latch register 104 is a known 32-bit register 

45 within the range detection hardware 100. Once a 32- 
bit value is input to latch register 104, the 32-bit value 
remains or "latches" within latch register 104 until an- 
other 32-bit value is input to it, at which time the latch 
register 104 outputs the latched value. The 32-bit val- 

so ues input to latch register 1 04 are the addresses gen- 
erated by address generation block 112. 

Range register 110 is a register within the config- 
uration space of the PCI master 102. Configuration 
space is" space reserved in a PCI master for config- 

55 uration of the PCI master. A complete description of 
configuration in PCI architecture is provided in the co- 
pending European Patent application assigned to 
I.B.M. Corporation entitled, "METHOD AND APPA- 

7 
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RATUS FOR INITIALIZING MULTIPLE BUS NET- 
WORKS IN AN INFORMATION HANDLING SYS- 
TEM," having applicant's reference BC9-93-012/cjl. 
The purpose of range register 110, as more fully set 
forth below, is to provide a range to be input to range 
detector 106, which ensures that consecutive write 
cycles are directed to the same slave. 

Range register 110 can be any number of bits in 
length depending upon the design constraints of the 
information handling system. The design constraint 
that dictates the bit length of range register 110 is the 
slave connected to PCI bus 96 that has the smallest 
amount of memory, and thus, the smallest number of 
addresses within it. The number of addresses in this 
slave provides the largest range that ensures two 
consecutive write cycles are targeted to the same 
slave. For example, if the slave with the smallest 
amount of memory connected to PCI bus 96 has an 
amount of memory that guarantees that a memory 
address within 64K of any of its memory addresses 
is also within its memory, then 64K is the largest 
range that ensures two consecutive write cycles are 
targeted to the same slave. As set forth below, the 
size of this range dictates the number of bits required 
in range register 110. 

The bits in range register 110 correspond to the 
highest numbered bits of latch register 1 04, and thus, 
the highest numbered bits of the addresses generat- 
ed by address generation block 112. For example, if 
range register 110 is 16 bits in length, then its first bit 
corresponds to the highest bit number of latch register 
104, bit number 31. This is because the bit numbers 
of latch register 104 range from 0 to 31. Referring to 
the example above, the sixteenth and last bit of range 
register 110 corresponds to bit number 16 of latch reg- 
ister 104. 

The bit number of latch register 104 that the last 
bit of range register 110 corresponds to has the value 
n, since the number of bits in range register 110, as 
set forth above, is a variable. Thus, in the above ex- 
ample, n - 16. 

As stated above, the largest range in which two 
addresses are ensured to be within the same slave 
dictates the number of bits in range register 110. This 
is because differences between the binary combina- 
tions of two addresses that occur in bits with numbers 
lower than a certain numbered bit are ensured to be 
within a certain range. Thus, changes between the bi- 
nary combinations of two addresses within these low- 
er numbered bits do not have to be checked to deter- 
mine if a certain address is within the preset range. 
For example, if the range is 64K, then changes in the 
binary combinations of bit numbers 0 through 15 will 
surely be within the range. Accordingly, range register 
110 would only require 16 bits corresponding to bit 
numbers 16 through 31 of the addresses generated 
by address generation block 112. These then are the 
only bits that need to be input to range detector 106. 



All bits of range register 110 are permanently set to 
the binary value of 0. 

Referring now to figure 6, a logic diagram of 
range detector 106 is shown. Range detector 106 is 

5 comprised of a plurality of logic networks each having 
an output connected to a multiple input AND gate 1 22. 
Each logic network is comprised of an exclusive OR 
gate (XOR) and an AND gate. Three such logic net- 
works are shown in figure 6, labeled A, B, and C, re- 

w spectively; however, the number of logic networks in 
a range detector 106 is equal to the number of bits in 
its range register 110. Thus, if the range register 110 
has 16 bits then range detector 106 will have 16 logic 
networks. 

15 Each logic network corresponds to a bit number 

of the 32-bit address signal generated by address 
generation block 112. The first logic network in range 
detector 1 06 corresponds to the highest bit number of 
the address signal, bit number 31. The last logic net- 

20 work in range detector 1 06 corresponds to bit number 
n of the address signal. The logic networks between 
the first and last logic network of range detector 106 
correspond to the bit numbers of the address signals 
between 31 and n in descending order. Thus, the sec- 

25 ond logic network in range detector 1 06 corresponds 
to bit number 30 of the address signal. Logic network 
C in figure 6 corresponds to the bit number of the ad- 
dress signal having the value n. 

The XOR gate of each logic network has two in- 

30 puts; one from a single bit of latch register 104 and 
one from a single bit of the address signal generated 
by address generation block 112. The bit number of 
both of these bits is the bit number of the address sig- 
nal that corresponds to the particular logic network in 

35 which the XOR gate is located. Thus, bit number 31 
of the latch register 104 and bit number 31 of the ad- 
dress signal from address generation block 112 are 
input to the XOR gate of the first logic network in 
range detector 106. The bits input to the XOR gates 

40 from the address generation block 112 and latch reg- 
ister 104 are designated as A x and LA X , respectively, 
with x being equal to the bit number of the bit. 

The inputs to the AND gate of each logic network 
of range detector 106 are the output from the corre- 

45 sponding XOR gate of the particular logic network 
and the inverted value of a bit from range register 110. 
The bit from range register 110 corresponds to the bit 
number x of that particular logic network. The output 
of each AND gate of each logic network is inverted 

so and then input to AND gate 122. 

AND gate 122 generates the output, IN_RANGE, 
which when high indicates that an address targeted 
for a write cycle is within the range selected by range 
register 110, and thus, is targeted to the same slave 

55 as the previous write cycle. When IN_RANGE is low, 
then the present write cycle is targeted for a slave 
other than the slave to which the previous write cycle 
was targeted. 
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IN_RANGE is input to transfer state block 108. 
Transfer state block has known internal logic which 
drives the AD line of PCI bus to one of three states. 
When IN_RANGE is high, transfer state block 108 
merely passes the address value it receives from ad- 
dress generation block 112 on to the AD line of PCI 
bus 96. When IN_RANGE is low, transfer state block 
1 08 causes the AD line of PCI bus 96 to go into a turn- 
around state for a turnaround cycle. When no address 
is asserted by address generator 112, transfer state 
block 108 drives the AD line to a constant mid-level 
state between a low and a high signal meaning that 
the master is still driving the AD line, but is not pre- 
sently transferring data on it. 

In operation, on the first clock signal, the address 
generation block 1 1 2 of the PCI master generates the 
address to which the first write cycle is targeted on 
line 114. This 32-bit value is latched into latch register 
104, and is transmitted on both lines 116 and 114 to 
range detector 106. Accordingly, the LA and A binary 
values are identical for all bit numbers. Thus, the out- 
put of all XOR gates in range detector 106 are low, 
which, in turn, causes the inverted outputs of all AND 
gates in range detector 106 to be high. As a result, 
IN_RANGE is high, which causes transfer state block 
108 to transfer the address for the first write cycle 
onto the AD line of PCI bus 96 to the targeted slave. 
The master also asserts FRAME and the write com- 
mand during the first clock signal. 

During the second clock signal, data is transfer- 
red from the master to the slave. Of course, this is 
only true if both TRDY and IRDY have been asserted. 

During the third clock signal, address generation 
block 112 generates a second address to which a 
write cycle is targeted on line 114. The second ad- 
dress signal triggers latch 104 to output the first 32- 
bit address on line 116 to range detector 106. 

If any A bit has a binary value which is different 
from the binary value of its corresponding LA bit, then 
the XOR gate that corresponds to these bits will have 
a binary high output This causes the inverted output 
of the corresponding AND gate to be low which caus- 
es the IN_RANGE output of AND gate 122 to be low. 

When IN_RANGE is low, transfer state block 
causes a turnaround cycle to be generated on the AD 
line of PCI bus 96. This is because the second ad- 
dress is outside of the range set in range register 110, 
which means that the second write cycle could be tar- 
geted for a slave different from the slave that con- 
tained the first address. 

If there are no differences between the binary 
values of LA and A in the third clock, then range de- 
tector 106 operates identically as it did for the first 
write cycle, and IN_RANGE becomes high. Accord- 
ingly, transfer state block passes the second address 
on to the AD line of PCI bus 96 and the master asserts 
FRAME and a write command. Thus, back-to-back 
write cycles will have been executed, eliminating the 



unnecessary turnaround cycle between them. If sev- 
eral more write cycles are to be executed in succes- 
sion, they will be executed back-to-back until one of 
the A bits is different from its corresponding LA bit. 

5 In an alternative embodiment, range register 

could be 32 bits, or any other number of bits in length, 
and could be adjustable. Thus, the range could be 
changed if required. 

The adjustments would be accomplished by sim- 

10 ply inserting a binary 1 value into the lower ordered 
bits that can change from address to address without 
exceeding the desired range. Inserting a binary 1 in 
a bit in range register 110 results in the output of the 
logic network in range detector 106 that corresponds 

15 to the bit always being high. Thus, the changes be- 
tween the LA and A inputs to the logic network have 
no effect on the output of AND gate 122. 

Although the preferred embodiment is described 
with a PCI bus, the application of the invention is not 

20 in any way limited to PCI bus architecture. Indeed, the 
invention is applicable to any bus architecture in 
which signals are multiplexed together requiring turn- 
around cycles to eliminate contention. 

25 

Claims 

1. An information handling system (10), comprising: 

a central processing unit (24); 
30 a system bus (16) connected to said cen- 

tral processing unit: 

a peripheral bus (22) connected to said 
system bus for connecting slave and master de- 
vices thereto; 

35 a plurality of slave devices connected to 

said peripheral bus, each of said slave devices 
having addresses that indicate memory regis- 
ters; and 

a master device (102) connected to said 
40 peripheral bus, said master device having a de- 

tector (100) that compares a first and a second of 
said addresses to a range to determine whether 
said master device can execute back-to-back 
write cycles. 

45 

2. An information handling system (10) as claimed 
in claim 1, wherein said detector determines that 
said master device can execute back-to-back 
write cycles only if both of said first and second 

50 addresses are within said range. 

3. An information handling system (10) as claimed 
in claim 1 wherein said master has a first register 
for storing said first address until said master 

55 generates said second address, and a second 

register for storing said range, said range being 
comprised of a certain number of bits. 
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4. An information handling system (10) as claimed 
in claim 1, wherein said peripheral buses are PCI 
buses. 

5. An information handling system (10) as claimed 
in claim 1, wherein said peripheral buses are mul- 
tiplexed buses. 

6. An information handling system (10) as claimed 
in claim 3, wherein said detector has a plurality of 
logic networks corresponding to the number of 
bits comprising said range. 

7. An information handling system (10) as claimed 
in claim 6 wherein each of said plurality of logic 
networks includes an exclusive OR gate for com- 
paring a bit of said first address to a bit of said 
second address and generating a high signal if 
the binary values of said bits are different. 

8. An information handling system (10) as claimed 
in claim 7 wherein each of said plurality of logic 
networks includes an AND gate with a first input 
being from a bit of said range, a second input 
from the output of said exclusive OR gate of said 
logic network and an output. 

9. An information handling system (10) as claimed 
in claim 8 wherein said first input and said output 
are inverted. 

10. An information handling system (10) as claimed 
in claim 8 wherein all of said outputs of each of 
said AND gates are input to a multiple input AND 
gate in said detector, said multiple input AND gate 
having an output. 
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devices thereto; 

providing a plurality of slave devices con- 
nected to said peripheral bus, each of said slave 
devices having addresses that indicate memory 
registers; 

providing a master device (1 02) connected 
to said peripheral bus for executing data trans- 
fers; 

comparing a first and a second of said ad- 
dresses to a range; and 

executing back-to-back data transfers if 
both of said first and second addresses are within 
said range. 

15. A method as claimed in claim 14 wherein said 
peripheral buses are PCI buses. 

16. A method as claimed in claim 14 wherein said 
peripheral buses are multiplexed buses. 



1 7. A master device for generating back-to-back data 
transfers on a peripheral bus comprising: 

a detector for determining whether a first 
address and a second address are within a range; 
25 a first register connected to said detector 

for storing said first address until said master de- 
vice generates said second address; 

a second register connected to said detec- 
tor for storing said range value; 
30 a means for driving said second address 

on said peripheral bus without a turnaround cycle 
if said detector determines said first and second 
addresses are within said range. 

35 18. A master device as claimed in claim 17 wherein 
said peripheral bus is a PCI bus. 



11. An information handling system (10) as claimed 
in claim 10 wherein if said output of said multiple 
input AND gate is high then said first and second 
addresses are within said range. 



40 



19. A master device as claimed in claim 17 wherein 
said peripheral bus is a multiplexed bus. 



12. An information handling system (10) as claimed 
in claim 3 wherein each of said bits have a binary 
low value. 



45 



13. An information handling system (10) as claimed 
in claim 3 wherein said range is adjustable by set- 
tinq at least one of said bits to a high binary value. 

14. A method of generating back-to-back data trans- 
fers on a peripheral bus (22) in an information 
handling system (10), comprising the steps of: 

providing a central processing unit (24); 

providing a system bus (16) connected to 
said central processing unit (24); 

providing a peripheral bus connected to 
said system bus for connecting slave and master 
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(54) Back-to-back data transfers in a multiplexed bus system 



(57) A device for generating back-to-back data 
transfers on a bus in an information handling system 10 
is disclosed. The inventive device includes a detector 
1 00 for determining whether a first address value and a 
second address are within a range, a first register 104 
connected to the detector for storing the first address 
until the device generates the second address, a second 
register 110 connected to the detector for storing the 
range value, and a transfer state block 108 for driving 
the second address on the peripheral bus without a tu rn- 
around cycle if the detector determines that the first and 
second addresses are within the range. Thus : back-to- 
back data transfers are provided. 
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